ABSTRACT
INTRODUCTION
Beet is a root vegetable of the Chenopodiaceae family whose edible part is its tuberous root. Its purple-red color is due to the presence of betalain pigments. These pigments are similar to anthocyanins and flavonoids, which were wrongly termed in the old literature as anthocyanins containing nitrogen. Betalains are water-soluble pigments and are found only in ten families of the Centrospermae group and are divided into two classes: red betacyanin and yellow betaxanthin, which provide beet roots with their typical color (Fenena, 1995) . Besides, these pigments often exhibit antioxidant activity and potential health benefits of vegetables (Kanner et al., 2001) . Minimal processing (fresh-cut) comprises selection, washing, peeling and cutting procedures that are aimed at producing a product that is fresh and convenient to prepare and consume (Burns, 1995) . Minimally processed fruits and vegetables are more perishable than their whole counterparts, due to undergoing severe physical stresses especially during peeling and cutting procedures. Cutting, associated with high storage temperatures, leads to an increase in the respiratory rate, with an increase in the activity of enzymes involved in specific reactions (Chitarra, 1998) . Temperature control is the most common and important technology to minimize the effects of cutting in fruits and vegetables (Brecht, 1995 (Cantwell, 1992) . Beet root is a vegetable that has expanded its presence in the minimally processed food market. However, high quality loss has been observed due to discoloration of root surfaces and high water loss of minimally processed roots. Washing and rinsing, carried out after the product is cut, have contributed to the loss of betalain and betaxanthin pigments. In view of the factors mentioned above, the economic importance of beet and the lack of information in the literature about the minimally processed use of this vegetable focused on the degradation of pigments, respiratory rate and mass losses, the present work was aimed at determining the storage temperature that best promote quality maintenance in minimally processed beet.
MATERIAL AND METHODS
Tuberous roots of "Early Wonder" beets were obtained from a beet crop in Piracicaba, SP, Brazil. The roots were selected by firmness and absence of mechanic injuries or fungal infection. Roots were pre-washed in running water to remove impurities and stored in cold room at 10 o C before being minimally processed. The product was mechanically peeled in an industrial peeler with an abrasive disc. After this, beets were immersed in cold water (5°C) for 2 minutes to reduce the heat from the field and, consequently, reduce the metabolic activity. Next, roots were shredded to little pieces in an industrial processor equipped with a 2mm-thick disc and the material was sanitized with active chlorine (200mg L -1 ) for 6 minutes to reduce risks of contamination, rinsed with active chlorine (3mg L -1 ) for 1 minute to remove the excess chlorine and, finally, centrifuged at 800 x g for 1 minute to remove the excess water. All treatments were placed in expanded polystyrene trays (180g net, 14 x 20cm), wrapped in 14-micra thick polyvinyl chloride (PVC) films and stored at 0±1, 5±1, 10±1 or 15±1°C and 85±5% RH for 10 days. Evaluations were carried out each 2 days The variables analyzed were: a) respiratory rate: 150g of minimally processed beet were placed in 600mL glass flasks and hermetically sealed for 1 hour at 5 o C. A silicone septum was fitted in the flasks lids to allow the collection of a 2mL aliquot from the flasks internal atmosphere and readings were carried out in a gas analyzer. Results in % CO 2 were used in the calculation of the respiratory rate, which considered the flasks volume, the beet mass and the time the flask remained closed; b) total soluble solids amount: measured by direct reading of a drop of root material centrifuged in a household centrifuge. Results were expressed in o Brix; c) color: determined with a colorimeter (Minolta) by determining L, a* and b* values and calculating the color index (CI) through the equation CI= 1000xa*/Lxb* (Mazzuz, 1996) . Readings were carried out directly on the minimally processed product; d) betacyanin and betaxanthin amounts: the methodology used was an adaptation from Nilson (1970) . Two grams of previously frozen samples were macerated in 5mL distilled water. The solution was placed into tubes and centrifuged at 15,000rpm and 4 o C during 40 minutes. One mL of the overflowing liquid and 24mL of distilled water were homogenized in a test tube. Readings were carried out at 476nm, 538nm and 600nm. Values of betacyanin and betaxanthin amounts were obtained through the equation x= 1.095 (a-c), y= b-z-x/3.1 and z= a-x, where: a= sample reading (538nm); b= sample reading (476nm); c= sample reading (600nm); x= betacyanin absorption; y= betaxanthin absorption; z= impurities absorption; e) sensory evaluation (general appearance): carried out by a team of 5 fully trained evaluators using an score scale adapted from Peryam and Girarddot (1952) , where 9= excellent; 7= good; 5= regular; 3= bad; 1= very bad. The scores corresponded to 9= beet appearing fresh and absence of white blush; 7= beet looking fresh, but showing light whitening; 5= beet looking fairly fresh and showing moderate white blush; 3= beet lacking freshness and showing great white blush; 1= totally dehydrated and white blush beet. Score 5 was considered to be the commercialization threshold; f) mass loss: measured by direct weighing with results expressed in %. A completely randomized factorial 4x6 design (4 storage temperatures and 6 evaluation periods) with 4 replicates of approximately 150g of minimally processed roots each was used. Results from physicochemical analyses were submitted to a standard deviation analysis, in which differences between two treatments exceeding two standard deviations were considered significant (P ¡ ¢ ¡ £ ¤ (Moretti et al., 2002) . Before the sensorial analysis, the homogeneity of variances was tested through the Hartley test. Once the heterogeneity of variances was not verified at α=0.05, an analysis of variance (F test) and a comparison of means by Tukey test at 5% probability were carried out.
RESULTS AND DISCUSSION
The respiratory activity has varied significantly as a function of the storage temperature (Fig. 1) . No respiratory activity was observed at 0 o C. According to Van't Hoff's law, for each increase of 10 o C in temperature there is a twofold or threefold increase in the speed of metabolic reactions, including respiration (Moretti et al., 2000) . This could be proved by observing that the respiratory rate of beets stored at 15 There was a peak in the respiratory activity on the second day of storage (values from 80 to 100mL CO 2 kg -1 h -1 ). From the 4 th , day respiratory rate decreased and stabilized between 25 and 40 mL CO 2 kg -1 h -1
. Osornio and Chaves (1998) observed similar results for the respiratory behavior in grated beet roots. The respiratory peak observed in the beginning of cold storage was probably due to the stress caused by cutting, which promoted loss of cellular compartmentalization and consequenting greater contact between substrates from respiratory metabolism and enzymatic complexes. The subsequent reduction in the respiratory rate from the 4 th day was probably due to the self-regulation of the tissue respiratory activity caused by the great production of ATP (Purvis, 1997) . It was also possible that such reduction in the respiratory rate happened because respiratory substrates stop reacting with the enzymes of the cells present on the cut surface. Therefore, the respiratory rate observed from the 4 th day was probably caused by cells lying below the surface injured by the cut. The mechanical damage caused by cutting or peeling is one of the largest obstacles to storage of minimally processed commodities, which show respiratory rates 3 to 5 times higher than intact organs (Chitarra, 1998) . Thus, keeping products at low temperatures from processing through commercialization becomes indispensable for reducing respiration and preserving quality and shelf life of the preprocessed product. Total soluble solids amounts varied little during refrigerated storage, with values ranging between 4 and 5 o Brix (Fig. 2) . A gradual decrease in the color index (CI) throughout the storage period was observed, with no significant differences among the temperatures evaluated (Fig. 3) . According to Mazzuz (1996) , CI values range from -20 to +20, and the more positive the value the greater the intensity of the roots red color. Therefore, increases in CI values during storage meant loss of intensity of the typical beet red color. Similarly, there was a decrease in betacyanin and betaxanthin amounts along the experiment ( Fig. 4a and b) .
There are few studies in relation to quantification of betalains in beet roots. According to Nilson (1973) , betaxanthin amounts in different undamaged beet cultivars were 20-60, 60-130 and 60-140mg 100g -1 of beet, while betacyanin amounts were 45-85, 130-200 and 130-210mg 100g -1 of beet for the varieties Banco WW, Boltardy and Rubra, respectively. Sapers and Hornstein (1979) founded high differences in betacyanin and betaxanthin amounts among the varieties of table beet. Differences within cultivars were also observed with some cultivars being more variable than others. Osornio and Chaves (1998) observed decreases in betalain amounts of around 40-50% in grated beet after 7 days of refrigerated storage. a Betalain pigments are more soluble in water than in alcohol (Nilson, 1970) . As for minimally processed beet, sanitization and rinsing favor larger pigment losses due to the exposure of the root surfaces to water. Recently, Vitti (2003) demonstrated that dipping fresh-cut beet roots in a solution of citric acid reduced significantly the losses of betalains pigments. The analysis of the general appearance indicated that minimally processed beets stored at 0 o C showed quality standards varying from good to very good up to 10 days of storage (Table 1) The whitening tissue that often occurred over the surface of minimally processed carrots, called "white blush", gave the product a stale and unattractive appearance, similar to what happened with beet root minimally processed in this work. White blush could be the result of dehydration of superficial cells due to damages during processing (Tatsumi et al., 1993; Avena-Bustillos et al., 1994) or it could be due to the formation of lignin on the cut surface (Bolin and Huxsoll, 1991) . White blush process could also be caused by the combination of two processes, dehydration and formation of lignin (Cisneros-Zevallos et al., 1995) . 1 Means followed by the same small letter in the column and the same capital letter in the row did not differ significantly between them by Tukey test at 5% probability. 2 Scores: 9 = excellent; 7 = very good; 5 = regular, commercialization limit; 3 = average, consumption limit; 1 = poor, uneatable Dehydration was evidenced by a reversible color change that increases with increased in water loss, while the activation of phenolic metabolism and the lignin production resulted in an irreversible color change (Izumi et al., 1996) . In this study, the main depreciative factors to the appearance of minimally processed beets were color loss and dehydration. It was observed that the higher the storage temperature, the higher was the dehydration (Fig. 5) . Although a PVC film offers the minimally processed product a barrier against water loss, the storage temperature plays a fundamental role on the deficit of pressure vapor (DPV) between internal tissues of the product and the environment (Gorris and Peppelenbos, 1992) . Thus, considering a fixed relative humidity, the higher the temperature the greater would be the DPV, which causes more transpiration. Results showed that there was a reduction in the color index (CI) and in the betacyanin and betaxanthin amounts during storage, although no significant differences were observed in any treatment. The reduction in color intensity was apparently due to alterations in the amounts of pigments, which were gradually lost during cold storage. Dehydration and white blush of roots, which reduced the intensity of red color on the cut surface, were observed in all the treatments during the experiment. It was also observed that the higher the storage temperature, the greater was the dehydration and white blush. Significant differences were observed in the respiratory rate and in the mass loss along the days of storage. Therefore, it could be concluded that the temperature influenced the storage of minimally processed beet roots, and that it was possible to keep the product for 10 days at 0 o C. It could also be inferred that temperatures of 10 and 15 o C drastically reduced the quality of minimally processed beet roots during storage.
